The authors screened 34 large cattle herds for the presence of Mycoplasma bovis infection by examining slaughtered cattle for macroscopic lung lesions, by culturing M. bovis from lung lesions and at the same time by testing sera for the presence of antibodies against M. bovis. Among the 595 cattle examined, 33.9% had pneumonic lesions, mycoplasmas were isolated from 59.9% of pneumonic lung samples, and 10.9% of sera from those animals contained antibodies to M. bovis. In 25.2% of the cases M. bovis was isolated from lungs with no macroscopic lesions. The proportion of seropositive herds was 64.7%. The average seropositivity rate of individuals was 11.3% but in certain herds it exceeded 50%. A probability model was developed for examining the relationship among the occurrence of pneumonia, the isolation of M. bovis from the lungs and the presence of M. bovis specific antibodies in sera.
Mycoplasma bovis is widely spread and causes major economic losses in cattle herds in Europe and North America (Boothby et al., 1983; Rebhun, 1995; Burnens et al., 1999) . This organism can cause mastitis in cows, respiratory disease and polyarthritis in calves and reproductive problems in both cows and bulls (Pfützner and Sachse, 1996) . It was isolated from other alterations such as subcutaneous abscesses, otitis and meningitis (Kinde et al., 1993; Stipkovits et al., 1993; Walz et al., 1997) . M. bovis infection can be diagnosed by a variety of methods including isolation of the agent, immunohistochemical staining, use of a specific PCR probe in lung samples and detection of specific antibodies in the serum (Boothby et al., 1981; Brys et al., 1992; Sachse et al., 1993; Uhaa et al., 1990a, b, c; Le Grand et al., 2002) . Awareness of the serological status of the herd is important for preventing economic losses by control measures (Brys et al., 1992; Pfützner and Sachse, 1996) .
The aim of this study was to examine the occurrence of pneumonia, the isolation of M. bovis from the lungs and the presence of its specific antibodies in sera of cattle originating from different farms of Hungary and to study the relationship among them.
Materials and methods

Sample collection and handling
Blood and lung samples were collected from 595 cattle originating from 34 large dairy herds with approximately 300 animals per herd. Sample collection was done at random. Most of the animals were adult cows. The carcasses were subjected to normal meat inspection and any pathological changes of the respiratory tract were recorded. From the clotted blood samples sera were separated from the blood cells by centrifugation at 500 g for 5 min and stored at -20 °C until used. Tissue samples were collected from the altered parts of the lungs. The lung samples were transported to the laboratory at 4 °C and cultured within 4 h.
ELISA testing
Sera were examined with CHECKIT Mycoplasma Bovis Sero ELISA kit (Bommeli AG, Liebefeld-Bern, Switzerland). The test was carried out according to the instruction manual.
Serum samples as well as positive and negative control sera were diluted 1:100 with CHECKIT diluting solution. Two hundred µl of the diluted sera were distributed into the wells of sensitised plates and incubated at room temperature for 90 min. After the incubation period the plates were washed 3 times with CHECKIT washing solution. Two hundred µl of the included peroxidaselabelled anti-ruminant IgG conjugate was added to the wells in a dilution of 1:600 and incubated as described above. After washing off the excessive conjugate the reaction was visualised with 200 µl of CHECKIT chromogen solution. The reaction was stopped after 15 min with 50 µl of CHECKIT stop solution. The absorbance values were read at 405 nm with a Titertek Multiscan MS plate reader.
The OD% value was calculated from the measured OD values of the samples and the negative and positive sera as follows:
[(OD sample -OD negative serum ) / (OD positive serum -OD negative serum )] × 100 = OD% According to the description of the original kit the animals having OD% values between 60 and 80% are suspicious of M. bovis infection and a value above 80% is a clear sign of infection. Since our aim was to detect any trace of M. bovis antibodies, OD% values above 60% were regarded as positive.
Acta Veterinaria Hungarica 52, 2004 Mycoplasma culturing Lung samples were cultured in liquid Medium 'B' (Ernø and Stipkovits, 1973a, b) according to the method described by ter Laak et al. (1992c) . The inoculated tubes were incubated at 37 °C and plated on days 3 and 7. The plates were incubated at 37 °C in 5% CO 2 atmosphere and were examined under a stereomicroscope every 2 days. Mycoplasmas were identified by their colony morphology, biochemical characteristics and immunofluorescence as described by Bradbury (1998) .
Statistical evaluation of data
The animals examined were divided into five groups based on the ranges of OD% values (< 20, 20-40, 40-60, 60-80 and 80% <) of their sera. Based on the data of presence or absence of pneumonia (P) and the M. bovis culture (C) the animals were divided into four groups (P+C+, P+C-, P-C+ and P-C-). A total of 20 groups were formed on this basis. Inside the groups formed on the basis of pneumonia and M. bovis culture the average, empirical and relative deviations of OD% values were calculated. The values of empirical deviation by all pairs of groups were compared by F-test and the averages were compared by Student's t-test in all possible combinations.
Within the four groups mentioned above the relative frequencies of animals in each OD% range were calculated. The frequency distributions in all cases were checked by chi-squared tests.
The rates of pneumonic animals were also examined in all OD% ranges.
Application of the probability model
Probability modelling was used to examine the association among pneumonia and the results of M. bovis culture and serology. The approach of modelling resembles the ones described by Fahim et al. (2003) , Fodor and Kovács (2003) , Ladányi et al. (2003) and Máthé-Gáspár and Kovács (2003) . During the interpretation of data methods of Tamás (2003) were followed. We used a method based on optimisation with the solver algorithm of Microsoft Excel for fitting the model (i.e. solving the described system of equations).
Results
Observed data
Out of the 595 animals, 202 (33.9%) had pneumonic lesions, 220 (37.0%) were positive by M. bovis culture, and serum samples of 67 cattle (11.3%) were positive for M. bovis antibodies ( Table 1 ). The overall proportion of seropositive animals was 11.3%, which varied between 0 and 57.2% in various herds. The percentage of seropositive herds was 64.7% (22 out of 34). 
Statistical evaluation
The relative frequencies of animals divided into 20 groups based on the ranges of OD% values and the results of observed pathological lung changes and M. bovis culture are shown in Table 2 . It can be seen that the relative frequencies of animals (54.73; 49.75 and 47.58) are the highest in the 0-20, 20-40 and 40-60 OD% ranges in the group where there is no pneumonia and the mycoplasma culture is negative. These OD% values are not signs of M. bovis infection. At the same time, in the 60-80 OD% range and above the 80 OD% range -which point to M. bovis infection -the relative frequencies of animals were higher in those groups where the result of mycoplasma culture was positive (P-C+ and P+C+), as compared to the groups where the isolation was negative.
The average of the OD% values was the lowest where there was no pneumonia and M. bovis culture was also negative, whereas in the other groups the average value was higher (Table 3) . None of the group pairs (e.g. P+C+ and P+C-, etc.) had equal empirical deviations of OD% values (p = 95%) by the Ftest, and the examination of the averages of OD% values of all groups led to similar results by Student's t-test. Table 3 Base statistical values of OD% in groups of animals
A v e r a g e 3 3 3 3 4 0 2 9 E m p i r i c a l d e v i a t i o n 2 6 2 0 2 9 2 1 Relative deviation 1.27 1.62 1.38 1.40 P = pneumonia; C = mycoplasma culture; + = presence; -= absence
The empirical deviations in group pairs P+C-and P+C+, P-C-and P+C+, P-C+ and P+C-, as well as P-C-and P-C+ were significantly different (F values < 5%), in P-C+ and P+C+ they were non-significantly different (F value: 33%), while in group pairs P-C-and P+C-they were non-significantly equal (F value: 69%).
As regards the group averages, only the P-C-and P-C+ pairs showed a significant difference by Student's t-test. The P+C-and P+C+ pair showed nonsignificant equality (t value: 90%), whereas the other pairs exhibited nonsignificant difference (t values between 5 and 50%) at this level of probability.
The rate of pneumonic animals in the different OD% ranges can be seen in Fig. 1 . In the 'negative' OD% ranges (< 60%) this rate is between 0.3 and 0.4, while in the 'positive' range between 60 and 80 OD% this rate is only 0.25 but in the range above 80% it is 0.44. The explanation of this apparent discrepancy will be given later (hypothesis and modelling). For a deeper analysis of this phenomenon we examined the relative frequencies of individuals in OD% ranges by groups based on pathological lung changes and M. bovis culture (Fig. 2) . None of the frequency distributions of the different group pairs were found to be equal by chi-squared test (p = 95%). 
Hypothesis
As can be seen in Table 1 , we found animals that were positive for all of the three parameters (pneumonia, culturing of M. bovis and ELISA test), but there were other cases in high numbers where there was no pneumonia and the animals were negative by ELISA but positive by culture. In other cases the ELISA test was positive and in spite of this mycoplasma culture led to negative results. Sometimes both parameters were positive. These data obviously need further explanation.
For one of the possible interpretations of the relationship among pneumonia, M. bovis culture and the results of M. bovis serology using modelling, we set the following hypotheses for testing:
(1) According to our hypothesis, in the background of the observed distribution of the examined parameters (pneumonia, culture and ELISA) the following causes were involved:
Group α: M. bovis generating antibodies, which can be detected by the M. bovis specific ELISA test used and can be detected by culturing.
Group β: M. bovis, which cannot be detected by a specific ELISA test. Group γ: Other pathogenic bacteria (e.g. Pasteurella multocida or Haemophilus somnus) or viruses (e.g. bovine adenoviruses, parainfluenza-3) causing pneumonia, which cannot be detected by M. bovis specific ELISA or by mycoplasma culturing methods.
Antibodies against microorganisms in Group α can be detected by the specific M. bovis ELISA test, whereas Group β and Group γ are not detectable in this way.
Group α and Group β can be detected by M. bovis culture if they are present in a detectable amount -above the threshold of sampling and examinationwhereas Group γ cannot.
Group α, Group β and Group γ can be involved in pneumonia if they are present above the threshold of pathogenicity.
(2) The frequencies of distribution of the above-mentioned microbe groups in the examined population are marked with the letters 'a', 'b', 'c', 'd', 'e' and 'f' in Table 4 . The signs 0, I, II and III are quantitative categories meaning: 0 < I < II < III.
The quantity I of Group α is marked with 'a', which means ELISApositive cases. The quantity II of Group α is marked with 'b', which means ELISA-and culture-positive cases. The quantity III of Group α is marked with 'c', which contains ELISA-, culture-and pneumonia-positive cases. If Group α is not there or if it is below the threshold of detection then this rate is '1 -(a + b + c)' because there is no other possibility. Since Group β cannot be detected by ELISA test, so here the 0 and I quantitative categories cannot be present. The category II of Group β is marked with 'd', while category III with 'e'. Consequently, the summarised frequencies of Group β 0 and I are '1 -(d + e)'. Since Group γ cannot be detected by any of the above-mentioned mycoplasma-specific methods, the only sign of their presence is the pneumonia. Category III of Group γ is marked with 'f', below this with '1-f '.
Microorganisms of Groups α, β and γ in category III are capable of causing pneumonia per se.
Microorganisms of Groups α and β in category II are present in a quantity in which they can be detected by M. bovis culture but they do not trigger pneumonia alone.
In category I Group α can be detected by specific ELISA test but not by M. bovis culture. It does not cause pneumonia alone.
In category 0 none of these groups can be detected by the abovementioned methods, so they were not present according to our approach.
(3) Letters 'a', 'b', 'c', 'd', 'e' and 'f' within the groups mean the rate of animals (between 0 and 1) in each category. The sum of them in each row is 1, so they form a complete event in each group.
(4) As can be seen in Fig. 1 , in the ranges above 60 OD% (which are considered positive) the rate of pneumonic animals in the relatively lower and higher OD% ranges shows significant differences (60-80%: 0.25; above 80%: 0.44). To explain this anomaly, we introduced the following supplementary conditions:
Group α below the quantity of I has a weak nonspecific effect, which can weaken the effect of other pathogens causing pneumonia. Since if the presence of M. bovis in low quantity (Group α I) alone did not cause pneumonia, then in this range the rate of pneumonic animals would be similar to that in the 40-60 and lower OD% ranges. On the contrary, the rate of pneumonic animals is much lower (instead of 0.3-0.4 it is only 0.25). A similar phenomenon is well known from the literature (Tschernig et al., 2002) . If this effect does not exist, then an equal phenomenon can be observed if the detection of M. bovis by ELISA fails or is hindered in animals infected by other pathogens. We did not make a distinction between these two phenomena during the testing of our hypothesis. This effect is marked with 'i' (scalar value between 0 and 1).
Group α above the quantity of II has a stronger pathogenic effect, which can make the animals more susceptible to other microbes (Bennett and Jasper, 1977) . This effect is marked with 'g' (also a scalar value between 0 and 1). The possible opposite case can cause an equal phenomenon: i.e. in animals infected and diseased by other pathogens the spread and multiplication of M. bovis increase or its detection by ELISA test improves for other reasons.
Description of the model
We created a probability model for the mathematical description of the hypothesis, which is represented by the following equations:
Acta Veterinaria Hungarica 52, 2004 p(E-C-P+) = (1-(a+b+c)) (1-(d+e))f [Eq. 7.] p(E-C-P-) = (1-(a+b+c)) (1-(d+e))(1-f) [Eq. 8.] The number of animals within the observed category is n × p, where n is the total number of the examined animals. The meaning of signs representing the rates of animals within each category and the fitted values are presented in Table 4 . Table 4 Supposed frequency of distribution of microbe groups α, β and γ in the examined population (parameters of the model) The numerical values of the table are the fitting parameters as results of fitting the model. Essentially, the linear system of eight-degree equations with eight unknowns was solved, which resulted in these values.
The formation of these equations was done by summarising the elemental events, which can cause the observed phenomenon. The values in the equations represent values of frequency, so multiplication represents 'and' logical operation which means that both conditions should be fulfilled between the parts of the expression, while addition means 'or' logical operation where either one or the other condition can be fulfilled.
Based on the data of Table 1 it can be seen that the model can be fitted to the observed data, so the system of hypotheses is suitable for the explanation of the observed numerical relationships.
Discussion
Several pathogens can cause respiratory disease in cattle. Mycoplasma bovis infection can cause severe lung changes, too (Boothby et al., 1983; Bashiruddin et al., 2001) , which can severely affect herd productivity.
Our data call attention to the fact that pneumonia resulting from M. bovis infection occurs frequently in adult cattle as well. These results are in accordance with data obtained in the Netherlands, Switzerland, Northern Ireland and France (ter Laak et al., 1992a, b; Burnens et al., 1999; Brice et al., 2000; Le Grand et al., 2002) , taking into consideration that pneumonia seems to be more frequent in domestic herds (33.9%). At the same time, M. bovis can more frequently be isolated from pneumonic lungs in Hungarian herds (59.9%) than in herds in the Netherlands (20%) or Ireland (13-23%; Byrne et al., 2001) . These data confirm the role of M. bovis infection in triggering pneumonia. In 39.1% of the cases the lung alterations could not be associated with mycoplasma infection, showing that other pathogens and further factors also contribute to the development of pneumonia in adult cattle at high rates.
Mycoplasmas could frequently be isolated from lung samples (25.2%) without macroscopic lung lesions. It can be supposed that in these cases the infection and thus mycoplasma colonisation were at an early stage at the time of isolation. In 9.2% of the cases antibodies to M. bovis were detectable in animals without pneumonia. This indicates that M. bovis can be involved in pathological processes other than pneumonia, e.g. mastitis, metritis or other rare diseases (Uhaa et al., 1990b, c) .
According to some authors (Boothby et al., 1981; Boothby et al., 1983; Burnens et al., 1999 ) ELISA testing of blood samples is a useful method for diagnosing M. bovis infection. We have come to the same conclusion, too.
Although the average seropositivity rate of individuals was relatively low, in certain herds it was rather high. The rate of seropositive herds was also high. Nicholas et al. (2001) obtained similar results during a monitoring study in England, where 20-25% of cattle herds affected with pneumonia contained animals seropositive to M. bovis, while only in a few herds were there animals with high antibody titres against respiratory viruses.
Mycoplasma bovis increases the chances of development of pneumonia in animals with an OD% value higher than 80%, helping other agents exert their pathogenic effect.
Our model can be used for the quantitative interpretation of the associations among pneumonia and the ability to detect M. bovis by isolation and its antibodies by ELISA. The application of this model has proved that our hypothesis is suitable for explaining the effect of M. bovis in inducing pneumonia and its influence on the effect of other pathogens.
Our data suggest that the culture of M. bovis and the detection of its antibodies by ELISA are equally important methods complementary to each other in the diagnosis of M. bovis infection.
